Intensity as a third factor of disturbance regime and its effect on species diversity George P. Malanson, Dept. of Geography, Oklahoma State Univ., Stillwater, OK 74078, USA Summary. Several models have been devised to relate patterns of succession to disturbance events. One model examines expected plant species diversity for cases where the area and interval of disturbance varies. That examination applies only to cases where dispersal is important to regeneration. Where species regenerate from buried seed or by resprouting, the intensity of disturbance will be more important than the area in affecting species diversity. The model for area is extended to another dimension and the projections of plant species diversity are presented.
Models of disturbance and succession
Miller (1982) discussed the influence of the areal size of a disturbance on community structure. He noted that most previous studies had focussed on disturbance frequency (cf. Huston 1979, Denslow 1980). He rightly called attention to the importance of patch size as a characteristic of disturbance. His analysis, however, is directed toward successional sequences in which ruderal species are eventually replaced by competitive species which disperse to the patch from surrounding communities. This model is derived from the relay floristics model of Egler (1954). If one were to examine cases of the initial floristics model (Egler 1954), the importance of disturbance size would be deemphasized because invasion would be less important.
My purpose is not to crtiticize Miller's (1982) model. Rather I believe that yet another dimension of disturbance should be added -one that may be more important than area in cases dominated by initial floristics. The third dimension is intensity. A three dimensional model of disturbance, incorporating interval (to emphasize the importance of individual events) or frequency, area and isolation, and intensity, allows a more complete analysis of community dynamics than two dimensional models or more common one dimensional models (e.g. Malanson 1982). A three dimensional model would allow the effects of disturbance intensity to be incorporated independent of size or interval. In some cases the axis of area and isolation might be disregarded. Other disturbance factors which might be considered separately include the season and agent of disturbance. Diversity, taken here and by Miller (1982) as simple richness, will then vary with the interval, area/isolation, and intensity of disturbances. The importance of intensity in affecting diversity will vary with the type of disturbance.
Several types of disturbance intensity can be quantified. Fire ecologists now recognize fire intensity (kcal m-2 or kcal s-~ m-2) as a factor of fire regime. It will vary with biomass moisture, and other elements. Fire intensity affects the ability of plants to resprout and the viability of buried seeds. Westman et al. (1981) found fire intensity to differ among sites of Californian coastal sage scrub where fire interval was the same, and to be an important factor in succession. Butler (1979a, b) and Shroder (1978) have used the deformations of tree rings to estimate the impact intensity of snow avalanches, mass movements, and floods. Hydrological routing models can predict flood levels and velocities. Flood intensity will affect the number of plants killed and the seed bank. Herbivory, measured in terms of biomass destroyed, will vary vary in intensity with the number of herbivores. The intensity of less natural disturbances (e.g. radiation, pollutants) can also be quantified. One should note, however, that some events may act both as disturbances and as stresses; their role may change within or between events.
Projections of area and diversity
For regions, Miller (1982) reasoned that when the interval between disturbance events is long, large disturbances will cause higher diversity than small disturbances. Conversely, at shorter intervals the smaller disturbances will promote higher diversity. His reasoning is simple: if large areas are disturbed infrequently, a more diverse span of succession will be represented from the accessible edge to the inaccessible center of the disturbance; if disturbances are frequent, the smaller size will result in more individual patches at different stages of succession, whereas a larger size would result in a depauperate community. His model shows intersecting bell-like curves of species diversity over disturbance rate with the curve for larger disturbances at the lower end of the disturbance rate abscissa. The symmetry of the curves may be artificial. (1982); likewise two of the remaining four would be redundant. I discuss projections of diversity for differing interval and size over a gradient of disturbance intensity.
Projections of intensity and diversity

Miller
Fig. la shows the assumed relationship of intensity and interval with diversity. This figure indicates that high intensity disturbances will have higher diversity only at longer intervals. This deduction is reasonable for the initial floristics model. Higher intensity disturbances create more gaps and reduce dominance, but at shorter intervals would result in yet higher mortality from which some species would be unable to recover.
Excluding disturbance interval, Fig. lb is not easy to interpret. Small sizes at lower intensity may allow higher diversity, because a broader distribution of uneven-aged patches may create diversity where total mortality is low. Larger areas may result in more diversity under intense disturbances if such disturbances reduce the influence of fast rejuvenating dominants. Such an interpretation might be reasonable for fire-prone communities dominated by resprouting shrubs. Alternative assumptions are possible for other communities.
Combining any two of the three aspects of disturbance regime to create a surface of diversity produces a saddle shape (Fig. 2) . Peak diversitites are projected for high intensity, large area, infrequent disturbances and low intensity, small area, frequent disturbances. These peaks are not, however, at the end points of any of the Discussion to date has referred to protandry in terms of absolute time (the proper framework for mating strategy). Insects, however, operate physiologically on day-degree time (Taylor 1981). Larval and pupal development are temperature dependent, thus so must be emergence curves. One consequence is that microhabitat differences in the temperature of pupal and juvenile sites can generate environmental variance in both diapause termination time and the rate of post diapause growth. The heritability of emergence time will be reduced in these cases, slowing the effects of selection on protandry (Bulmer 1980, Falconer 1981) .
Daily and yearly temperature variation may influence the shape and variance of emergence curves and the realized protandry. Consider a population of overwintering pupae which, hypothetically, has separate physiological emergence curves for each sex, and a degree of physiological protandry, Xp, measured in day-degrees (Fig. 1A) . Under a constant-warm spring, day-degrees will accumulate at a faster daily rate than in a constantcool spring. The realized protandry, Xr, will be less in the warm regime than in the cool (Fig. 1 B, C) Discussion to date has referred to protandry in terms of absolute time (the proper framework for mating strategy). Insects, however, operate physiologically on day-degree time (Taylor 1981). Larval and pupal development are temperature dependent, thus so must be emergence curves. One consequence is that microhabitat differences in the temperature of pupal and juvenile sites can generate environmental variance in both diapause termination time and the rate of post diapause growth. The heritability of emergence time will be reduced in these cases, slowing the effects of selection on protandry (Bulmer 1980, Falconer 1981).
Daily and yearly temperature variation may influence the shape and variance of emergence curves and the realized protandry. Consider a population of overwintering pupae which, hypothetically, has separate physiological emergence curves for each sex, and a degree of physiological protandry, Xp, measured in day-degrees (Fig. 1A) . Under a constant-warm spring, day-degrees will accumulate at a faster daily rate than in a constantcool spring. The realized protandry, Xr, will be less in the warm regime than in the cool (Fig. 1 B, C) (Fig. 1 D, E) . In both cases realized Changes in temperature within a season can have a similar effect. Consider a springtime warming or a springtime cooling trend once postdiapause development is initiated (Fig. 1 D, E) 
